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The ATLAS detector at CERN’s Large Hadron Collider (LHC) is preparing to take
data from the first proton-proton collisions expected there this year. We briefly
review the status of the experiment before LHC start-up and look ahead to the role
the first data must play in commissioning the experiment before its true discovery
potential can be realised.
1. Introduction
Due to come online in the course of 2008, the LHC at CERN will collide two
high intensity beams of protons, with a centre-of-mass energy designed to
reach 14 TeV. The general purpose ATLAS (A Toroidal LHC Apparatus)
experiment has been designed to realise the main physics goals of the LHC,
namely searches for the Higgs boson and new phenomena on the TeV mass
scale, such as Supersymmetry.
A detailed description of the ATLAS detector can be found here1. The
inner-detector (ID), located inside the 2 T solenoid magnetic field, provides
precision tracking of charged particles and secondary vertex finding in the
pseudo-rapidity region |η| < 2.5. The liquid argon (LAr) electromagnetic
calorimeter provides coverage up to |η| < 3.2; combined with the scintillat-
ing tile and LAr hadronic calorimeters, and the LAr forward calorimeter,
the limit of hermicity lies at |η| = 4.9. Precise muon momentum measure-
ments within |η| < 2.7 are provided by the outer muon spectrometer with
its air core toroid system.
These proceedings briefly assess the status of the detector ahead of LHC
start-up, as a result of the recent commissioning activities (Section 2). In
Section 3, the role of the first physics data from the LHC in understanding
and tuning the detector is outlined, and finally in Section 4 we present some























April 29, 2008 18:19 Proceedings Trim Size: 9in x 6in PaulBell
2
2. ATLAS Commissioning Pre-LHC Start-Up
The installation of the ATLAS detector in its cavern is now finished and
the main activity is now the commissioning of the completed subsystems
and their integration into the global ATLAS Trigger and Data Acquisition
System (TDAQ)2. As part of this effort, many millions of cosmic ray events
have been recorded over a series of dedicated combined commissioning runs
which have taken place during the last two years. The objective of these
week-long runs has been to operate the experiment as wholly as possible at
that time and maintain stable running for the period, thereby exercising the
data flow, run control and configuration aspects of the TDAQ system, the
prompt reconstruction of the recorded data at CERN’s Tier-0 computer
farm, and utilising the ATLAS control room as if in data taking mode.
In the most recent runs, the experiment has been operated with about one
quarter of the muon system, three quarters of the electromagnetic calorime-
try, one half of the hadronic calorimetry and parts of the inner detector.
Figure 1 shows a typical cosmic event in the ATLAS event display.
Figure 1. A cosmic ray event, passing through the muon system (top), the hadronic
calorimeter (middle) and the outer layer of the ID (centre, also shown inset top-right).
As a result of all the commissioning activities to date, including test-
beam studies, the quality assurance and surveys made during the manu-
facture and assembly steps, and culminating in the recent cosmic runs, we
have gained a good understanding of the detector “as-built”. Some charac-
teristics of the expected performance on “day one” of LHC operation3 are
shown in Table 1.
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Table 1. Expected ATLAS detector performance at LHC start-up.
Expected Precision on “day 1”
ECAL uniformity 1-2%
Electron energy scale ∼2%
HCAL uniformity ∼2-3%
Jet energy scale < 10%
Muon momentum scale ∼ 1%
ID (Muon) Tracker alignment in Rφ 20-50 (< 200) µm
3. Role of Early Data in ATLAS Commissioning
Before ATLAS can realise its discovery potential we must first “rediscover”
the Standard Model in the LHC environment. As shown in Table 2, the
rates for the W, Z and tt¯ production processes, the so-called “standard
candles”, will be far higher at the LHC compared to previous and existing
machines3. These processes will allow the initial performance of ATLAS to
be monitored and improved towards the design limits.
Table 2. Number of W, Z and tt¯ events expected in ATLAS in 100 pb−1 of data
compared to the total statistics available from other machines. Also indicated are the
roles of the samples in commissioning the detector and understanding the first data.
Process Events/100pb−1 Ev’ts from LEP/Tevatron Commissioning role
Z→ e+e−, ∼ 105 ∼ 106 LEP ECAL energy scale &
Z→ µ+µ− ∼ 105 Tevatron uniformity, alignment
W→ e±ν, ∼ 106 ∼ 104 LEP ECAL energy scale,
W→ µ±ν ∼ 106 Tevatron constraining PDFs
tt¯ semi- ∼ 103 ∼ 104 Tevatron Jet energy scale, b-jet
leptonic tagging performance
The Z mass will be among the first peaks witnessed by ATLAS, ob-
servable in the first pb−1 of data. Within the ECAL, channel-to-channel
intercalibration with a sample of around 105 Z events will allow an over-
all response uniformity of ∼0.7% to be achieved, the level required for the
observation of a H→ γγ signal4. The Z events will also facilitate the align-
ment of the ID tracker and the calibration of the lepton energy scale and
resolution, using the Z mass constraint.
Trigger and reconstruction efficiencies can also be studied using Z events.
For example, the muon reconstruction efficiency can be measured to 0.1%
in 50 pb−1 of data using a “tag and probe” method on back-to-back tracks
found in the ID5. Overall, it should be possible to measure the Z and W
cross-sections to around 10% with 100 pb−1 of data, dominated by the
uncertainty on the absolute luminosity3.
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4. First Measurements and Possible Discoveries
One of the first measurements at ATLAS will be that of the tt¯ produc-
tion cross-section through the semi-leptonic channel tt¯ → b`νbjetjet, with
` = e, µ (Figure 2). This channel benefits from the high trigger efficiency
accompanying the isolated charged lepton coupled with a small QCD back-
ground compared to the multijet channel. A simple analysis can be per-
formed even with an imperfect detector, without requiring b-jet tagging,
by selecting events with an isolated electron or muon, missing transverse
energy and exactly four jets, two of which must have an invariant mass
compatible with the W mass. Simply plotting the invariant mass of the
three jets with the largest pT should reveal a clear top signal in 100 pb
−1
of data, with the cross-section measured with 20% uncertainty, dominated
by the luminosity measurement and the jet-energy scale. The tt¯ events will
be used to improve the jet-energy scale using the W→jet jet component of
the events.
Figure 2. Semi-leptonic (lepton plus jets) tt¯ production at the LHC.
Whilst the early data has an invaluable role to play in the detector
commissioning, it should not be forgotten that the very first LHC collisions
represent uncharted territory, where new discoveries are waiting to be made.
For example, there is currently significant disparity between the different
theoretical models describing “minimum bias” events at LHC energies6, as
shown in Figure 3. A sample of 104 events, representing just a few hours
of data taking, would provide adequate statistics to discriminate between
the different models. Moreover, there are several examples of possible new
physics processes with large production cross-sections (of order pb) which
would show up very soon, such as a massive, narrow Z′ resonance like
the one predicted in the Stueckelberg Extension to the Standard Model7.
Whilst the ultimate reach of ATLAS is MZ′ ∼ 5 TeV, for MZ′ ∼ 1 TeV
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Figure 3. Charged particle multiplicity at η = 0 in minimum-bias events as a function
of centre-of-mass energy. The points are existing experimental results and the curves
extrapolate these to LHC energies using different models.
a clear signal would be expected in less than 100 pb−1 of data. Even
hints of SUSY could appear with as little as 100 pb−1 of data, though here
considerably more time will be required to control the backgrounds.
5. Summary
The ATLAS detector is now installed in the cavern at CERN and is in its
final commissioning stage before LHC start-up. The first data will play a
vital role in understanding the finished the detector and studying Standard
Model processes at 14 TeV. At the same time, immediate discoveries will
be made on the nature of pp collisions at the LHC energy scale, with the
observation of new physics phenomena also possible.
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